Abstract For articulated vehicles met in robotics and transportation fields, even for an experienced operator, backing-up leads usually to jack-knifing. This paper presents a fuzzy logic controller for back-driving a truck-trailer vehicle into a predefined parking task. The truck-trailer link system is equipped with a kingpin sliding mechanism acting as an anti-jackknife excitation input. By applying fuzzy logic control techniques, precise system model is not required. The developed controller with thirty four rules works well as the presented simulation results demonstrate the avoidance of jack-knife and the accuracy of the backing-up technique.
Introduction
Control of the backward movement of a truck and trailer vehicle, called docking task, is known to be a typical nonlinear control problem. The difficulty of the control system design not only causes the dynamics to be nonlinear, but also emphasizes the inherent physical limitations of the system such as the jackknife phenomenon, a mathematical model of which is discussed in (Fossum and Lewis 1981) . The control system under investigation is not only nonlinear but also nonholonomic. Backward movement control of computer simulated truck-trailers using various types of intelligent control e.g. fuzzy control, neural control and neurofuzzy or genetic algorithm-based control (Yang et al. 2006 , Kiyuma et al. 2004, Riid and Rustern 2001) , has been reported. The backing-up control of a trucktrailer is considered in (Park et al. 2007 ) as a system with time delay. A fuzzy knowledge-based control for backing multi-trailer systems is also considered in (Riid et al. 2007 ). The kingpin sliding mechanism, used in current work for backward stabilization, has been also used for off-tracking elimination in multiarticulated vehicles (Manesis et al. 2003) . In this paper the kingpin sliding mechanism is used mainly as an active anti-jackknife steering mechanism for backward motion. The mathematical model of the considered system is different and more complex from that of a truck-trailer without a kingpin sliding mechanism. The precise mathematical description offers only an initial guidance for writing the fuzzy rules of the controller.
System description -Fuzzy Logic Controller Design
The system under consideration is a truck-trailer vehicle with on-axle sliding-able connection. Its geometry along with the directions of all defined angles and axes are shown in Fig. 1 . The major difference with a typical truck-trailer system is the use of a sliding kingpin on the rear axle of the tractor.
The nomenclature of the considered model is: ) , ( U is not zero. The above system model will be used in the evaluation of the designed fuzzy logic controller performance through simulations. The fuzzy logic controller has been developed by defining 34 logical rules shown in Fig. 3 . These rules are consistent with the following evaluation strategies: (1) the truck's steering wheels must turn in such a way as to make the system move towards the direction that makes the angle rection margin to the steering wheels to avoid jackknifing, (5) if the angles 1 θ α − and 1 0 θ θ − belong to the ZE degree, i.e. the truck-trailer system is moving towards the axes origin and the angle between the truck and the trailer is close to zero, then we can make the kingpin sliding distance zero by applying opposite S & proportionally to S . The linguistic rules that were used have the general form:
The fuzzy operator AND and the implication method were defined as minimum. The centroid defuzzification method was used. The output aggregation method was defined as sum. We have chosen the sum method instead of the maximum method because it fits better to the cumulative control method imposed from strategy no. 2 used in controlling the distance d over the control of the 1 θ α − angle. Several simulation tests were performed, from different system initial positions and directions, with and without kingpin sliding control. In Fig. 4 , we see the system response from initial conditions ) , , , (
= (60, -10, 45, -45). We see that kingpin sliding control does not have big influence in system response as far as concerning the trajectory of the system. The difference is that we have greater angle margin for the control of a possible jackknife situation in the case where kingpin sliding control is used. This can be shown from simulations and also from the system geometry where we see that with a kingpin sliding along the centripetal direction we gain approximately ( ) It should be noted that when the truck-trailer system is moving backwards the advantages of kingpin sliding control appear during sliding towards the centripetal direction in contrast with the system moving forward where the advantages appear during sliding towards the centrifugal direction. 
Conclusions
A fuzzy logic controller was designed for the backward motion of a truck-trailer system with on-axle kingpin sliding. Various tests were conducted to test the controller effectiveness. The controller showed good performance with the system starting from various initial conditions. The use of kingpin sliding towards the centripetal direction has no adverse effect in system response while it reduces the maximum turn of the truck's steering wheels when the system is maneuvering backwards. This gives greater steering wheel turn margin for the truck to avoid jackknife.
